4,1               The Great Trigonometrical Survey of India,

vertical triangulation over the plains of India and the sources
of inaccuracy to which it is liable. Great as they are, it is now
known that they can be practically overcome by the system,
first introduced by Colonel Waugh, of taking vertical angles be-
tween laud 3 P. M. the hours which limit the period of minimum
refraction. But until the Trigonometrical levels had been rigor-
ously tested by a series of spirit levels, they were a source of much
anxiety and uncertainty, because, if erroneous, the lengths of the
base lines and of all operations emanating therefrom would be
affected, The heights of the Ordnance Survey of Great Britain
are all based on spirit levels, though that survey has peculiar
facilities for checking its levels by reference to the sea, from
which no part of England is more than ninety miles distant. In
this country, on the contrary, the triangulation extends over a
distance of.upwards of 2000 miles from sea to sea, without ex-
ternal cheek of any kind.

Thus the measurement of lines of independent "veriiicatoiy
Spirit Levels became a necessity for the Indian survey. They
were commenced on the.Indus series, and in two field seasons
were carried up to Attok, from the mean sea level of Karachi/
which was determined in the Manora Harbour, by a set of tidal
observations extending over two semiltmations. Numerous pre-
cautions were adopted to guard against cumulative and. accidental
errors on so long a line of operations. The instruments were large
and of superior construction, and fitted with delicate levels fur-
nished with finely divided scales on which the deflection of the
instrument from horizon tality was measured, and a correction
applied, as with Astronomical instruments, in preference to the
usual method of attempting to correct by hand. The staves
were invariably set up at equal distances from the instruments,
They were divided on both sides, one painted white with black
divisions numbered from 0 to 10 feet, the other black with white
divisions from 5'55 to 15'55, in order to cheek accidental errors
of reading; for the successive readings on the two faces should
differ by the constant quantity 5*55, so that it is impossible
to make the same mistake in both readings, and any error is im-
mediately shown up by the difference in the results obtained from
-the two sets of faces. As an additional check two observers were
invariably employed on the same line, each with his own instru-
ment and staves, one following the other at a convenient distance,
station by station*

These operations have now connected the base lines at Attok,
Dehra Dhoon, and Seiwj with the sea, and have satisfactorily